(0.3e0.7 mg/kg/dose) [16e18] . Although administration of MPH to children with ADHD has been proven to have significant effects on their sleep problems, literature reviews of these adverse responses showed a great deal of variability [19e23] . In addition, most therapeutic effects or side effects were based either on parent observations around bedtime or reliable and valid survey of teachers or parents, and not based on objective measurements such as a night polysomnography [24] or actigraphic recording [18] . The correlations between different presentations of measurements continue to be suboptimal.
The present study aimed to evaluate the sleep problems of children with ADHD and variation across different ADHD presentations, by both polysomnography and subjective observations from parents. We explored the impacts of regular use of MPH for 6 months on children with ADHD and compared the impact of MPH across different presentations of ADHD.
Material and methods

Patient population
Children aged 6e12 years old were prospectively recruited from the Child Psychiatry Clinic of a university medical center in Taipei, Taiwan. Inclusion criteria include: (1) ADHD diagnoses based on DSM-5 criteria [25] , (2) having a full IQ of more than 70 on the WISC-III [26] or WISC-IV [27] , (3) no ADHD medications in the past 6 months before the enrollment, (4) staying on Methylphenidate treatment for at least 6 months after the enrollment. Seventy-one children were enrolled and all participants underwent an initial screening by two experienced psychiatrists who utilized the standard structured interview according to the schedule for Affective Disorder and Schizophrenia for School-Age Children, Adolescent Chinese version (K-SADS-E) [28] . ADHD presentations were determined according to DSM-5 criteria. The results of the screening affirmed the clinical diagnosis and excluded children who had co-morbid pervasive developmental disorder, a history of bipolar disorder, psychosis, severe anxiety disorder, substance abuse history, or mental retardation. We also excluded children with central nervous system disorders, such as seizure, cerebral palsy and brain injury, or other physical diseases after detailed physical and neurological examinations performed by a pediatrician and neurologist. This study was approved by the institutional review board of Chang Gung Memorial Hospital. Parental informed consent and child assent in the presence of a parent were obtained.
30 age-matched healthy children without ADHD or any psychiatric disorder history were recruited from the surrounding schools in the community. These children were assessed at the Child Developmental Evaluation Center at the same medical center by the same psychiatrists and pediatricians as the ADHD group. All the physical, neurological and mental evaluations were completed. The exclusion criteria of What this study adds to the field Our results confirmed that there is inconsistency between subjective and objective measurements for sleep problems in children with ADHD. Besides, we also found that MPH didn't worsen their sleep problems. Other sleep disorders, such as obstructive sleep apnea, should be screened and evaluated in children with ADHD. the control group were the same as those in the ADHD group. All the children in the ADHD and the control group completed the same tests, and their parents filled out the same questionnaires.
Assessment instruments
Questionnaires
Questionnaires were completed by parents at the beginning of the study and at 6-month medication follow-up.
1. Child Behavior Checklist (CBCL) [29] in Chinese version (for age 4e16 years old) was used for the evaluation of child's social and behavioral competence. 2. Pediatric Sleep Questionnaire (PSQ) [30] (in Chinese) was used for the evaluation of childhood sleep-related breathing disorder, snoring, excessive daytime sleepiness, periodic limb movement and inattentive/hyperactive behavior. 3. ADHD Rating Scale IV (ADHD-RS IV) [31] is a reliable and easy-to-administer instrument for facilitating the diagnosis of ADHD for children and adolescents aged 5e17 years old because its items correlate to the DSM diagnostic criteria. It also assists us to evaluate the symptom severity by scoring the frequency of inattention and hyperactivity. Thus, we can use it to assess the medication response.
Intelligence tests
WISC-III and IV intelligence scale for children [26, 27] were used for the standardized intelligence evaluations of children and adolescents aged 6e16 years old. They were performed by experienced pediatric psychologists in our study.
Polysomnographic measures (PSG)
The following variables were monitored: EEG (4 leads), eye movement chin and leg EMG, ECG (one lead), body-position. The respiration was recorded with nasal pressure transducer, mouth thermo-couple, chest and abdominal inductive plethysmography bands, neck microphone, diaphragmaticintercostal muscle EMGs, pulse oximetry from which both oxygen saturation (SaO2) and finger-plethysmography were derived, data were collected on a 32 channel recording system, [32] . Abnormal breathing events during sleep were analyzed using the definitions of apnea and hypopnea as outlined by the American Academy of Sleep Medicine [2014] , and the definition of flow limitation with abnormal increase in respiratory effort leading to arousals as outlined by Guilleminault et al. [33] . The AHI and the respiratory disturbance index (RDI: number of apneas, hypopneas, and respiratory effort-related arousals per hour of sleep) were calculated. PSG scoring was performed by a technician blind to the clinical status of the child.
Drug administration
After the baseline assessments, children with ADHD received 0.3e0.7 mg/kg/dose short-acting MPH IR prescribed once or twice (morning and noon) per day over a 6-month period. We didn't have a fixed dosage or dosing schedule for all participants, but followed certain rules. The frequency and dosage of the MPH treatment depended on children with ADHD's clinical condition, including the response to medication, symptom severity, and learning schedule (once per day for children age 6e8 with half day class or twice per day for children age 8e12 with whole day class). This information was obtained by interview with the children and their family members, as well as feedback from school teachers. The dosage began at 5 mg in the morning before children went to school under parents' supervision, and was titrated gradually to at least 0.3 mg/kg/ dose in the first month. If the children had whole day class, the noon dose was taken around lunch time at school under their teachers' supervision. Further titration to higher dosage would be performed if the response to medication is inadequate, based on the psychiatrists' interview and clinical judgment, up to 0.7 mg/kg/dose. At 6-month follow-up, variables obtained at the beginning of this study were collected again, including the CBCL-parent, ADHD-RS IV, PSQ-parent, and nocturnal PSG. Table 1 Demographic and comorbidity characteristics of prospectively recruited ADHD children (n ¼ 71) and normal controls (n ¼ 30). 
Abbreviations: ADHD-I: ADHD with predominantly inattentive presentation; ADHD-C: ADHD with predominantly hyperactive/impulsive or combined presentation; SD: standard deviation.
Statistical analysis
The demographic distribution of participants and comorbidity with other disorders were presented as number and frequency across different presentations and groups. The PSG and questionnaire data were presented as mean and standard deviation (SD). We used analysis of variance (ANOVA), chi-square and t-test for group comparisons. The Fisher's exact test was used when small groups were compared. Paired t-test was used for pre-post treatment within-group data comparisons. A p-value of less than 0.05 was considered significant. All statistics were performed using the commercially available software SPSS 13.0 for Windows (SPSS®, Chicago, IL).
Results
Demographic data
Demographic data is showed in Table 1 . A total of 101 children, including 71 subjects with ADHD and 30 normal controls, were prospectively recruited. All evaluations, questionnaires and neuropsychometric assessments were completed. In the ADHD group, 35 children were ADHD with predominantly inattentive presentation (ADHD-I) and 36 children were ADHD with predominantly hyperactive/impulsive or combined presentation (ADHD-C). Except for the relatively higher ratio of boys-to-girls in the ADHD group than the control group (3:1 vs. 1:
there were no significant differences between these two groups in terms of age, body mass index (BMI) and IQ. However, 25 (35.2%) of the ADHD group were found to have psychiatric traits or disorders. While there was no statistically significant difference between the ADHD-I and ADHD-C groups in terms of comorbidity, only the ADHD-C group had children with comorbid mental disorders including tic disorder, conduct disorder and oppositional defiant disorder. Both groups have an equal number of children with learning disorder.
Comparison of PSG data before and after the MPH treatment
Using the Rechtschaffen and Kales scoring criteria [34] , comparison between ADHD and control group showed no significant differences in total sleep time (TST), sleep efficiency, sleep latency, percentages of stage 1, 2 and REM sleep at the beginning of the study. Significant higher AHI (p ¼ .002), hypopnea counts (p ¼ .003), and a significantly lower percentage of slow wave sleep (SWS) (p ¼ .006) were found in the ADHD group. For the ADHD-C group and the ADHD-I group, there were no significant differences in all these parameters at the beginning of the study. In the total ADHD group, the PSG data showed significantly increased TST (p ¼ .005) and decreased periodic limb movement index (PLMI) (p ¼ .031) after 6-month MPH treatment. Significant increases in AHI (p ¼ .012) and hypopnea counts (p ¼ .008) were also noted. There were no significant differences in the other parameters of the PSG (Table 2) . Table 2 The polysomnographic (PSG) variables before and after 6-months treatment of MPH in ADHD children. 
We also noted significantly increased total sleep time (p ¼ .027) in the ADHD-C group after MPH treatment.
Comparison of PSQ data before and after the MPH treatment
Children with ADHD were found to have significantly higher rate of delay initiation of sleep (p ¼ .013), sleep onset latency (p ¼ .021), sleep fragment (p ¼ .001), daytime sleepiness (p ¼ .038), enuresis (p ¼ .047), bruxism (p ¼ .001), nightmare (p ¼ .003), periodic limb movement disorder (PLMD) (p ¼ .029), and snoring (p ¼ .004) than normal controls at the beginning of the study. When ADHD-C was compared with ADHD-I, there were no significant differences at the beginning of the study.
In children with ADHD, comparisons of subjective parent report (i.e., results from the PSQ) before and after the 6-month MPH treatment are presented in Table 3 . We found significantly decreased rates of PLMD (p ¼ .029) and sleep onset latency (p ¼ .021), although the percentage of participants with delay initiation of sleep was not significantly different. However, when we analyzed the treatment effects across different ADHD subgroups, there were significantly lower rates of bruxism (p ¼ .022) and snoring (p ¼ .046) in the ADHD-I group, and significantly lower rates of nightmares (p ¼ .021) in the ADHD-C group. Both the ADHD-I and ADHD-C had significant reduction in PLMD (p ¼ .007 and p ¼ .020 respectively) after the treatment.
Comparison of CBCL and ADHD-RS score before and after the MPH treatment
A comparison of behavior measured by CBCL indicated a significant difference between the control and ADHD groups in most subscales (p ¼ .043 in somatic complaint and p < .001 in others subscales) except the obsession/compulsion subscale (p ¼ .082) and the anxiety subscale (p ¼ .100), at the beginning of the study. Comparing different presentations of ADHD at the beginning of the study, there were significant elevations in the depression subscale (p < .001), aggressive behavior (p < .001), and conduct problems (p ¼ .015) in the ADHD-C group, compared to the ADHD-I group. At the beginning of the study, there were significant difference between the ADHD group and the control group in the ADHD-RS scores (p < .001), but no significant differences between the ADHD-I group and the ADHD-C group in the ADHD-RS scores.
When we compared the pre-and post-treatment CBCL scores by paired sample t-test (Table 4) , there were significant decreases in externalizing problems (p ¼ .022), anxiety (p ¼ .033), obsession (p ¼ .016) and aggressive behavior (p ¼.027). Significant reductions in ADHD-RS total score (p < .001), as well as inattention and hyperactivity subscale scores (p ¼ .014 and .005 respectively) were found after 6 months of treatment with MPH.
Discussion
Subjective evaluations (e.g., sleep questionnaires) and objective standardized assessments (e.g., PSG or actigraphy) of sleep problems in children with ADHD have yielded inconsistent results in the past [9, 12, 35] . In this study, subjective parent reports showed significantly greater sleep disturbances in children with ADHD compared to healthy controls. Table 3 The pediatric sleep questionnaire (PSQ) variables before and after 6-months treatment of MPH in ADHD children. 14 (40) 14 (40) However, objective PSG measurements in our study found only a fraction of these sleep problems, which is consistent with previous studies [2, 9, 35] . However, a meta-analysis showed that children with ADHD were significantly more impaired than controls in most of the subjective sleep parameters [9] and our study found less sleep disturbances via subjective measurements than these previous studies. Our PSG results also did not support previous findings that showed significantly different sleepe architecture parameters between children with ADHD and controls.
These differences can be partially explained by the confounding factors that we have attempted to control. Although psychiatric comorbidities were common in children with ADHD, we controlled it as possible and excluded children with severe psychiatric disorders and neurological diseases. We also enrolled only drug naïve patients to avoid the impact of previous medication status. Some studies did not exclude children with ADHD who had severe comorbid psychiatric disorders, which might account for some of the sleep disturbances [4, 12] . Other studies did not exclude or control for the medication status of the children [9] , and pre-existing pharmacologic treatments might affect children's sleep and alertness. Further investigation of the impact of various confounding factors may be necessary.
Besides, our PSG results showed decreased mean PLMI after 6 months of MPH treatment in children with ADHD. Our PSQ results of children with ADHD also showed increased PLMD symptom at baseline comparing with the control group, and it decreased after 6 months of MPH treatment. Because MPH increases the levels of dopamine and norepinephrine in the brain, our findings could support the hypothesis of dopaminergic dysfunction being a common factor for both ADHD and PLMD [36] . However, no randomized double-blind trials assessing the potential effectiveness of the dopaminergic agents for children with both ADHD and PLMD have been published yet.
In contrast to previous studies [12e14], our study demonstrated no significant differences between the ADHD-I and ADHD-C groups across all of the sleep parameters at baseline. However, we later noted significant differences in their responses to the MPH treatment (Tables 2 and 3 ). After 6-month MPH treatment, PSG showed significant increased total sleep time in the ADHD-C group, but no significant change in the ADHD-I group. PSQ showed significantly less bruxism and snoring in the ADHD-I group, and significantly less nightmares in the ADHD-C group. Further meta-analysis of subjective and objective studies is required before a consensus can be reached about this issue.
It has been suggested that stimulant treatments of ADHD would lead to sleep disturbances, but mixed or conflicting results were found [16e23, 37, 38] . To our knowledge, our study is the first to have used a longitudinal, prospective follow-up design, and to have assessed for medication effects by objective PSG measurements. Our findings of posttreatment PSG data were different from other studies, showing MPH didn't aggravate in most sleep problems in children with ADHD. We found significantly increased total sleep time and significantly decreased PLMI after MPH treatment. In our study, the second MPH dose was given around the lunch time. This dose schedule could avoid the direct "stimulant effect" on night time sleep. Besides, it is important to note that some studies have previously demonstrated no change in sleep quantity [38] and even increased sleep efficiency after MPH use [39] .
Subjective parents also reported shortened sleep latency after MPH treatment by PSQ, compared to baseline (i.e., without medication). Our result of reduced PLMD, snoring, nightmares, and bruxism after 6 months of MPH treatment was in line with the findings from Kooij et al. [39] , which concluded that stimulant medications could improve subjective sleep quality in adults with ADHD. Sleep quality was previously found to correspond to the severity of ADHD symptoms during the day [19, 39] . Thus, we may expect parallel improvements in both daytime ADHD symptoms and night time sleep problems after MPH treatment.
Significant increased AHI and hypopnea counts were noted after MPH treatment. We found that children with ADHD who have high AHI of more than 5 events per hour before MPH treatment continued to have high AHI after treatment. In fact, their AHI severity increased, which might explain our finding of increased AHI and hypopnea counts. These children did not receive treatments for their high AHI during the 6-month period, which could account for the later increased AHI and hypopnea counts after the MPH treatment. These children were diagnosed with Obstructive Sleep Apnea after further follow-up and specific interventions were indicated. While MPH treatment may improve certain aspects of sleep in children with ADHD, evaluation of other sleep disorders should be performed before the stimulant treatment [40] . 
There are some limitations in this study. First, we performed PSG for only one night at baseline and once again after 6 months of MPH treatment, instead of two consecutive nights at each time point. There might have been variability in measurements from night to night. Second, although we tried to control comorbidities and excluded severe psychiatric disorders and neurological diseases, we still included ADHD children with other psychiatric disorders such as Tourette's disorder, oppositional defiant disorder and conduct disorder. Patients with these psychiatric comorbidities also can have sleep disturbances.
Third, we didn't track the compliance of children with ADHD. It was difficult to determine their compliance because we could not check the MPH blood level. However, we did find significantly decreased ADHD-RS and improvement in some CBCL subscales after 6 months of treatment, which might relate to MPH use. Besides, we asked parents and teachers of children with ADHD to supervise the MPH use during the 6-month period. Fourth, the dosage and frequency of the MPH use in our study were not fixed, and MPH was prescribed according to the response of children with ADHD and clinical judgment. The guideline of Wolraich et al. [41] suggested MPH prescription should be prescribed the low dosage in naïve patients, and base on the need of different individuals. Thus, optimizing the dosage and dosing schedule for individual difference is necessary and our study can reveal the actual clinical condition of the MPH use.
Fifth, Restless leg syndrome (RLS) is not evaluated in our study. We only evaluated PLM by PSG because PSG is more objective and reliable and RLS is highly correlated with PLM in children. We checked CBC/DC, Fe and ferritin if the patient had the diagnosis of PLMD (PLMI>5/hr). Two patients were noted to have anemia and lower Fe level, and treated with Fe supplement. We could not find correlation between ferritin level and ADHD because of the small sample size.
Though with limitations, this study is the first prospective study investigating the medication effect on drug naïve children with ADHD after 6-month follow-up, assessed by both PSG and PSQ. More future prospective studies are needed to further clarify the long-term medication effect on children with ADHD and their sleep problems.
Conclusion
Our results showed that MPH didn't worsen the sleep problems of children with ADHD. Besides, after MPH treatment, PSG showed significantly increased TST and decreased PLMI, while PSQ showed decreased rates of PLMD and time of sleep onset latency. Significant increases in AHI and hypopnea counts were also revealed by PSG. Thus, other sleep disorders, such as obstructive sleep apnea, should be screened and evaluated in children with ADHD.
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